Neodymium isotope analyses after combined extraction of actinide and lanthanide elements from seawater and deep-sea coral aragonite. Geochemistry, Geophysics, Geosystems, 17(1), 232-240 . https://doi.Key points -Combined extraction of Pa/U-Th-Nd from seawater and coralline aragonite -Successful neodymium isotope intercalibration -Reduction of sample volume requirements and workload Abstract 1 Isotopes of the actinide elements protactinium (Pa), thorium (Th) and uranium (U), and the 2 lanthanide element neodymium (Nd) are often used as complementary tracers of modern and 3 past oceanic processes. The extraction of such elements from low abundance matrices, such 4 as seawater and carbonate, is however labor-intensive and requires significant amounts of 5 sample material. We here present a combined method for the extraction of Pa, Th and Nd 6 from 5 to 10 L seawater samples, and of U, Th and Nd from <1 g carbonate samples. 7 Neodymium is collected in the respective wash fractions of Pa-Th and U-Th anion exchange 8 chromatographies. Regardless of the original sample matrix, Nd is extracted during a two-9 stage ion chromatography, followed by thermal ionization mass spectrometry (TIMS) 10 analysis as NdO + . Using this combined procedure, we obtained results for Nd isotopic 11 compositions on two GEOTRACES consensus samples from Bermuda Atlantic Time Series 12 (BATS), which are within error identical to results for separately sampled and processed 13 dedicated Nd samples (ε Nd = -9.20 ± 0.21 and -13.11 ± 0.21 for 15 and 2000 m water depths, 14 respectively; intercalibration results from 14 laboratories: ε Nd = -9.19 ± 0.57 and -13.14 ± 15 0.57
Introduction

27
The isotopes of the radionuclides protactinium (Pa), thorium (Th), uranium (U) and of the 28 rare earth element (REE) neodymium (Nd) are invaluable tools for studying modern ocean 29 biogeochemistry and past ocean conditions [e.g., Goldstein and Hemming, 2003; Henderson 30 and Anderson, 2003] . Even though our understanding of their modern biogeochemical cycles 31 is still relatively poor 230 Th, 232 Th, 231 Pa, and Nd isotopes ( 143 Nd/ 144 Nd ratio, expressed as ε Nd 32 = (( 143 Nd/ 144 Nd sample )/( 143 Nd/ 144 Nd CHUR ) -1) x 10,000; CHUR: chondritic uniform reservoir; 33 Jacobsen and Wasserburg, 1980) are frequently used as proxies to reconstruct past ocean 34 chemistry and dynamics [e.g., van de Flierdt et al., 2012; Anderson et al., 2012] . This 35 situation is currently being rectified in the context of the international GEOTRACES program 36 [SCOR Working Group, 2007] where 230 Th, 231 Pa, and Nd isotopes are 'key parameters ', 37 which have to be measured on all planned and completed GEOTRACES section cruises.
38
However, accurate and precise analysis of these nuclides in seawater requires relatively large 39 sample volumes (5 to 10 L) [van de Flierdt et al., 2012; Anderson et al., 2012] . Although 40 recent analytical advances allow some laboratories to target sample volumes of less than 5 L, 41 shipping large volumes of water to home laboratories is nevertheless an expensive endeavor.
consuming sample preparation could be reduced by simultaneous separation of U, Th and Nd.
48
The aragonitic skeleton of corals allows for accurate age control by U-series dating [e.g., reconstruct past water mass properties [e.g., van de Flierdt et al., 2006 van de Flierdt et al., , 2010 Copard et al., break down potential residual organics. Such residual organics may be sourced either from 126 sample matrix or from anion exchange chromatography as observed by Auro et al. [2012] for 127 Pa-Th separation. Subsequently, samples were converted to chloride form and redissolved in 128 1 ml 1 M HCl for cation exchange chromatography or to nitrate form for RE spec ® chemistry. The procedure to isolate REE from sample matrix was designed to accommodate high Fe 133 content of up to ~10 mg, and was then used for REE separation from anion exchange wash 134 fractions collected from both, Pa-Th and U-Th chemistries. In order to pre-concentrate trace 135 metals ~100 mg Fe were added to each seawater sample and ~5 mg to each coral sample 136 rendering REE separation from Fe a major concern. During the first step of Pa-Th separation 137 Fe is expected to be retained by the anion exchange resin (Fig. 1 ). This is based on the fact 138 that Fe 3+ has a high distribution constant K D with strong-base anion exchange resin in 139 hydrochloric acid [Kraus et al., 1956] , which should inhibit Fe elution with the Th/REE 140 fraction during Pa separation (Fig. 1 ). In praxis, small amounts of Fe are however eluted into 141 the REE fraction. During the first step of U-Th separation on the other hand, nitric acid is 142 used to achieve efficient separation of U and Th from Fe (no adsorption of Fe in 0.1 to 14 M 143 HNO 3 with anion exchange resin; Faris and Buchanan, 1964) . Hence, the ~5 mg of Fe added 144 to coral samples will be eluted together with the REE during matrix elution so that the REE 145 fraction contains a significant Fe matrix ( Fig. 1 ). Therefore, we initially applied a modified 146 version of the RE spec ® [cf. Huff and Huff, 1993] chemistry published by Crocket et al.
147
[2014]. More specifically, we added 1 ml of 0.9 M ascorbic acid to 2 ml 1.5 M HNO 3 in order 148 to reduce Fe and obtain minimal adsorption onto the resin [e.g., Horwitz et al., 1993] . While 149 efficient in removing Fe (tested for up to 50 mg of Fe), leaking organics from TRU/RE spec ® resins require strong sample oxidation after REE separation [e.g., Gault-Ringold and Stirling, 2012; Crocket et al., 2014; Murphy et al., 2015; Lambelet et al., submitted] . We therefore 152 substituted the RE spec ® chemistry by traditional cation exchange chromatography [e.g., involved in the respective measurements [van de Flierdt et al., 2012] . et al., 2012; Auro et al., 2012; Hines et al., 2015] . Note that some laboratories 482 apply a second Th purification step during U-Th separation [cf. Burke and Robinson, 2012] .
483
It is also noted that isotopic spiking is not yet tested for the combined method in seawater and 
